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(54) Recording apparatus 



(57) A recording apparatus Includes a compressive 
encoder for compressivety encoding an input video sig- 
nal into compress ion- resultant data whose amount is 

variable from frame to frame. A first device operates for 
measuring an accumulative amount of the compres- 
sion-resultant data generated by the compressive en- 
coder. A second device operiates for generating infor- 



mation of a jump destination position when the accumu- 
lative amount measured by the first device reaches a 
predetermined amount. A third device operates for re- 
cording the compressbn-resultant data generated by 
the compressive encoder and the jump-destination-po- 
sition information generated by the second device on a 
recording medium. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an apparatus for re- 
cording picture data and jump-destination-position in- 
dex information for high-speed playback on a recording 
medium such as an optical disc. 

Description of the Related Art 

[0002] In some cases, picture data are recorded on a 
recording medium such as an optical disc. During high- 
speed playback of a certain type, pksture data on a re- 
cording medium are skip-read so that only some of 
1 -frame -corresponding segments of the picture data are 
sequentially reproduced on a periodic jump basis. The 
high-speed playback is used in a search for a desired 
scene represented by the picture data. 
[0003] It is known to record picture data and also in- 
dex information on a recording medium. The index in- 
formation represents jump destination positions on the 
recording medium. The index information is used for 
high-speed playback. 

[0004] According to a conventional recording system, 
the frame-measured intervals between separate 
1 -frame-corresponding segments of picture data which 
will be sequentially reproduced during high-speed play- 
back are independent of the degree of motion or change 
in pictures represented by the picture data. Therefore, 
during high-speed playback of a portion of the picture 
data which relates to a high degree of picture motion or 
change, successively reproduced pictures greatly differ 
from each other in contents. The great differences be- 
tween the successively reproduced pictures are unsuit- 
able to a search for a desired scene. On the other hand, 
during high-speed playback of a portion of the picture 
data which relates to a very low degree of picture motion 
or change, successively reproduced pictures remain ap- 
proximately constant in contents. Thus, it takes a long 
time to find a desired scene. 

SUMMARY OF THE INVENTION 

[0005] It is an object of this invention to provide an 
improved recording apparatus. 

[0006] A first aspect of this invention provides a re- 
cording apparatus comprising a compressive encoder 
for compressively encoding an input video signal into 
compressksn-resuttant data whose amount is variable 
from frame to frame; first means for measuring an ac- 
cumulative amount of the compression-resultant data 
generated by the compressive encoder; second means 
for generating information of a jump destination position 
when the accumulative amount measured by the first 
means reaches a predetermined amount; and third 



means for recording the compression-resultant data 
generated by the compressive encoder and the jump- 
destination-position information generated by the sec- 
ond means on a recording medium. 

5 [0007] A second aspect of this Invention is based on 
the first aspect thereof, and provides a recording appa- 
ratus further comprising fourth means for counting 
frames represented by the compression-resultant data; 
fifth means for generating information of a jump desti- 

10 nation positbn when a number of frames counted by the 
fourth means reaches a predetermined number; and 
sixth means for recording the jump-destination-position 
information generated by the fifth means on the record- 
ing medium. 

75 [0008] A third aspect of this invention is based on the 
first aspect thereof, and provides a recording apparatus 
further comprising fourth means for resetting the accu- 
mulative amount measured by the first means when the 
second means generates the jump-destination-position 
20 information. 

[0009] A fourth aspect of this invention provides a re- 
cording apparatus comprising a compressive encoder 
for compressively encoding an input video signal into 
compression-resultant data, and generating a signal 
25 representing a motion in pictures represented by the 
compression-resultant data; first means for measuring 
an accumulative amount of the motran represented by 
the signal generated by the compressive encoder; sec- 
ond means for generating informatton of a jump desti- 
ne nation position when the accumulative amount meas- 
ured by the first means reaches a predetermined 
amount; and third means for recording the compression- 
resultant data generated by the compressive encoder 
and the jump-destination-position information generat- 
es ed by the second means on a recording medium. 

[001 0] A fifth aspect of this invention is based on the 
fourth aspect thereof, and provides a recording appara- 
tus further comprising fourth means for counting frames 
represented by the compression-resuttant data; fifth 
40 means for generating information of a jump destination 
position when a number of frames counted by the fourth 
means reaches a predetermined number, and sixth 
means for recording the jump-destination-position infor- 
mation generated by the fifth means on the recording 
45 medium. 

[001 1 ] A sixth aspect of this invention is based on the 
fourth aspect thereof, and provides a recording appara- 
tus further comprising fourth means for resetting the ac- 
cumulative amount measured by the first means when 
so the second means generates the jump-destination-po- 
sition information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

ss [0012] Fig. 1 is a diagram of the structure of a prbr- 
art recording disc. 

[001 3] Fig. 2 is a block diagram of a prk)r-art recording 
apparatus. 
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[001 4] Fig. 3 is a block diagram of a prior-art disc play- 
er. 

[001 5] Fig. 4 is a block diagram of a disc drive in Fig. 3. 
[001 6] Fig. 5 is a time-domain diagram of an example 
of a generated code data amount and a quantization s 
scale in the prior-art recording apparatus of Fig. 2. 
[001 7] Fig. 6 is a functional block diagram of an MPEG 
encoder in Fig. 2. 

[001 8] Fig. 7 is a time-domain diagram of a generated 
code data amount, a frame order number, a block 
number indicative of an area size on a recording disc, 
prior-art EP information, and EP information in this in- 
vention. 

[0019] Fig. 8 is a time-domain diagram of the number 
of skipped frames. 

[0020] Fig. 9 is a bkx:k diagram of a recording appa- 
ratus according to a first embodiment of this inventbn. 
[0021] Fig. 10 is a bkx:k diagram of a disc player ac- 
cording to the first embodiment of this invention. 
[0022] Fig. 11 is a block diagram of a recording appa- 
ratus according to a second embodiment of this inven- 
tion. 

[0023] Fig. 1 2 is a block diagram of a recording appa- 
ratus according to a third embodiment of this invention. 
[0024] Fig. 1 3 is a block diagram of a recording appa- 
ratus according to a fourth embodiment of this invention, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] A prior-art recording disc and a prior-art re- 
cording apparatus will be explained hereinafter for a bet- 
ter understanding of this invention. 
[0026] Fig. 1 shows the structure of a prior-art record- 
ing disc having a spiral train of pits representing a re- 
corded signal. The prior-art disc in Fig. 1 has a lead-in 
area, a user data area (a main data area) and a lead- 
out area. The lead-in area extends in an inner part of 
the disc. The lead-out area extends in an outer part of 
the disc. The user data area extends in an intermediate 
part of the disc between the lead-in area and the lead- 
out area. The lead-in area, the user data area, and the 
lead-out area compose the whole recording area of the 
disc. The whole recording area is separated into sectors 
corresponding to data units. Serial numbers (serial sec- 
tor numbers or serial sector order numbers) are as- 
signed to the sectors respectively. Signals representing 
the sector numbers are recorded on the disc. The sector 
number signals are used for detection of a currently-ac- 
cessed position on the disc during playback. 
[0027] As shown in Fig. 1 , audio-visual data (AV data) 
and various infornnation pieces are recorded on the user 
data area. The AV data result from compressbn of orig- 
inal data. The vark>us information pieces are designed 
for playback control. The AV data are separated into 
cells (celH , cell2. celln) corresponding to respective 
time intervals or respective scenes being playback 
units. Each cell is composed of group-of-pk:tures GOP1 . 



GOP2, — , GOPn. Each group-of-picture is separated in- 
to, for example, 15 data segments representing 15 
frames or 1 5 pictu res including an 1 picture (an intra cod- 
ed picture), P pictures (predictive coded pictures), and 
B pictures (bidirectionally predk:tlve coded pictures). A 
head or a first place in each group-of-picture is occupied 
by 1-picture data. 

[0028] The various information pieces include an in- 
fonnation piece AVFI for expanding the whole AV data, 
and a program chain information piece PGC for control- 
ling the reproduction of the cells. The program chain in- 
formation piece PGC is composed of a main program 
chain information piece PGCi and cell inforrmtion piec- 
es CM , CI2, CIn. The main program chain information 
piece PGCI represents a program playback order. The 
cell information pieces CM , CI2, Cln relate to the cells 
(celll. cell2. celln). respectively. Each cell informa- 
tion piece has a general informatk)n piece Gi and a set 
EPI of entry point information pieces EP1 , EP2, EPm. 
The general information piece GI represents group-of- 
picture order numbers (group-of-picture ID numbers) 
and a playback time corresponding to the related cell. 
The entry point information pieces EPI, EP2, — , EPm 
are index information pieces representing jump destina- 
tion positions which are used for high-speed playback 
and also for finding the positk)n of a head of a desired 
part of the AV contents. Specifically, the entry point in- 
formation pieces EP1, EP2, — , EPm indicate specified 
points in the related cell, respectively. In more detail, the 
entry point information pieces EP1, EP2, EPm indi- 
cate the positions of the heads (the I -picture data) of 
successive group-of -pictu res or equally-spaced select- 
ed ones of group-of -pictu res in the related cell, respec- 
tively. 

[0029] Fig. 2 shows a prior-art recording apparatus. 
As shown in Fig. 2, the prior-art recording apparatus in- 
cludes an MPEG encoder 101 receiving an input AV sig- 
nal. The MPEG encoder 101 compressively encodes 
the input AV signal into compression -resultant data. The 
MPEG encoder 101 outputs the compression-resultant 
data to a formatter 1 05. 

[0030] The encoding by the MPEG encoder 101 is pe- 
riodic on a frame-by-frame basis. Each time the encod- 
ing for one frame is completed, the MPEG encoder 101 
outputs a 1 -f lame-corresponding signal to a counter 1 02 
and outputs time infornnation to an EP (entry point) in- 
formation generator 104. The time information repre- 
sents time defined with respect to the input AV signal. 
The counter 1 02 responds to the 1 -frame-correspond- 
ing signal, and thereby counts frames related to the 
compression-resultant data and generates a signal rep- 
resenting the count result, that is, the number of counted 
frames. The counter 102 outputs the count-result signal 
to a comparator 103. The comparator 103 receives a 
signal representing a predetermined setting frame 
number for EP generation. The setting frame number is 
equal to, for example, 300 (300 frames) corresponding 
to a time of 10 seconds, 30 (30 frames) corresponding 
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to a time of 1 second, or 15 (15 frames) corresponding 
to a time of 0.5 second. The device 103 compares the 
count-result signal and the setting-frame-number signal 
with each other, generating a detection signal each time 
the count frame number represented by the output sig- 
nal from the counter 102 reaches the setting frame 
number. The comparator 103 periodically outputs the 
detection signal to the counter 102 and the EP informa- 
tion generator 104. The counter 102 is reset by every 
detection signal outputted from the comparator 103. 
[0031] In the prior-art recording apparatus of Fig. 2, 
the EP information generator 104 produces EP data in 
response to the time information outputted from the 
MPEG encoder 101 and the detection signal outputted 
from the comparator 103. The EP Information generator 
104 outputs the generated EP data to the formatter 105. 
[0032] As previously mentioned, the formatter 1 05 re- 
ceives the compression-resultant data from the MPEG 
encoder 101 . The formatter 105 processes and formats 
the compression-resultant data into AV data of a prede- 
termined format in which the AV data are separated Into 
cells (celll , cel!2, celln) each composed of group-of- 
pictures GOP1, GOP2, GOPn as shown in Fig. 1. 
The fomiatter 105 outputs the AV data to a disc drive 
1 06. The disc drive 1 06 records the AV data on a record- 
ing disc 100D. Specifically, the disc drive 106 adds an 
error correction code signal to the AV data, and subjects 
the error-correction-code added AV data to channel 
modulation for record on the disc 100D. The disc drive 
106 records the modulation-resultant signal on the disc 
100D. 

[0033] As previously mentioned, the formatter 1 05 re- 
ceives the EP data from the EP information generator 
104. The fomnatter 105 uses the EP data as index infor- 
mation pieces representing jump destination positions 
respectively and hence representing time positions in 
the AV data respectively. The index information pieces 
are entry point information pieces EP1, EP2, — , EPm 
(see Fig. 1 ). The formatter 1 05 generates other informa- 
tion pieces. The formatter 105 outputs the index infor- 
mation pieces and the other information pieces to the 
disc drive 1 06. The index information pieces and the oth- 
er Information pieces are various information pieces for 
playback control After the recording of the AV data has 
been completed, the disc drive 106 records the index 
infomiation pieces and the other information pieces on 
the recording disc 100D. Specifically, the disc drive 106 
adds an error correction code signal to the index infor- 
mation pieces and the other information pieces, and 
subjects the error-correction-code added information 
pieces to channel modulation for record on the disc 
1 0OD. The disc drive 1 06 records the modulation-result- 
ant signal on the disc 100D. 

[0034] Fig. 3 shows a prior-art disc player which in- 
cludes a main controller 111, an operation unit 112, a 
disc drive 11 3, a buffer memory 114. an MPEG decoder 
115, and a memory 116. The operation unit 112 can be 
actuated by a user. The operation unit 112 outputs var- 



ious command signals to the main controller 111 in ac- 
cordance with user's requirements. The disc drive 113 
is controlled by the main controller 111 , accessing a re- 
cording disc 100D and reproducing a signal therefrom. 

5 The disc drive 1 1 3 outputs the reproduced signal to the 
buffer memory 114 and the memory 116. The main con- 
troller 111 controls the memory 116 so that various in- 
formation pieces in the reproduced signal will be written 
into the memory 116. The main controller 111 responds 

10 to the various information pieces in the memory 116. 
The main controller 111 controls the buffer memory 114 
so that AV data in the reproduced signal will be written 
into the buffer memory 1 1 4. The buffer memory 1 1 4 out- 
puts the AV data to the MPEG decoder 115. The MPEG 

IS decoder 1 1 5 is controlled by the main controller 11 1 . ex- 
pansively decoding the AV data into an original AV signal 
referred to as a reproduced AV signal or a recovered AV 
signal. The MPEG decoder 115 outputs the reproduced 
AV signal. 

20 [0035] As shown in Fig. 4, the disc drive 1 1 3 includes 
a signal processor 1 21 , a demodulator 1 22, an error cor- 
recting unit 123, an address detector 124, a drive con- 
troller 125, and a servo unit 126. The drive controller 

125 responds to an address signal outputted from the 
25 address detector 124 and a control signal outputted 

from the main controller 111 (see Fig. 3). The servo unit 

126 is controlled by the drive controller 125 and re- 
sponds to a control signal outputted from the signal 
processor 121 , thereby controlling a position on the re- 

30 cording disc 1 0OD which is currently accessed by a head 
(not shown). The head scans the recording disc 100D 
and reads out a signal therefrom, and outputs the read- 
out signal to the signal processor 121 . The signal proc- 
essor 121 processes the read-out signal. The signal 

35 processor 121 outputs the processing-resultant signal 
to the denrKxiulator 1 22. In addition, the signal processor 
1 21 generates the control signal in response to the read- 
out signal. The signal processor 121 outputs the control 
signal to the sen/o unit 126. The demodulator 122 de- 

40 modulates the output signal of the signal processor 121 
into data. The demodulator 122 outputs the data to the 
error correcting unit 123 and the address detector 124. 
The error correcting unit 1 23 corrects errors In the output 
data from the demodulator 122 in response to an error 

45 correction code signal therein. The error correcting unit 
123 outputs the correction-resultant data to the buffer 
memory 1 1 4 and the memory 1 1 6 as the reproduced sig- 
nal. The address detector 1 24 detects address informa- 
tion in the output data from the demodulator 122. The 

so address detector 124 outputs the detected address in- 
formation to the drive controller 125 as the address sig- 
nal. 

[0036] The prior-art disc player in Fig. 3 operates as 
follows. During a preliminary process preceding normal- 
55 speed continuous playback, the main controller 1 1 1 con- 
trols the disc drive 113 to read out various information 
pieces for playback control from a specified place in the 
recording disc 100D. The read-out various information 
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pieces are outputted from the disc drive 1 1 3 to the mem- 
ory 116. The main controller 111 controls the memory 
1 1 6 so that the various information pieces are stored into 
the memory 116. The various information pieces in the 
memory 116 contain an Information piece AVFI for ex- 
panding the whole AV data. The main controller 111 
reads out the information piece AVFI from the memory 
116. and sets the information piece AVFI in the MPEG 
decoder 115. 

[0037] The various information pieces in the memory 
1 1 6 contain a main program chain information piece PG- 
Cl representing a program playback order. Also, the var- 
ious Information pieces In the memory 116 contain cell 
information pieces CI1 , CI2, — , CIn. When the operation 
unit 112 is actuated by the user so that a normal-play- 
back-starting command signal is outputted from the op- 
eratk>n unit 112 to the main controller 111, normal-speed 
continuous playback is started as folbws. The main con- 
troller 111 refers to the main program chain information 
piece PGCI and the cell information pieces CM . CI2. 
CIn in the memory 116 in response to the normal-play- 
back-starting command signal. The main controller 111 
controls the disc drive 113 according to the main pro- 
gram chain Information piece PGCI and group-of-plc- 
ture order numbers represented by the cell information 
pieces CI1. CI2. CIn to sequentially read out group- 
of-pk:tures (AV data) on a cetl-by-cell basis. The read- 
out group-of-prctures, that is, the AVdata, are outputted 
from the disc drive 113 to the buffer memory 114. The 
main controller 111 controls the buffer memory 114 so 
that the AV data are stored Into the buffer memory 114. 
The main controller 111 monitors the amount of the AV 
data currently stored in the buffer memory 114. When 
the monitored amount of the AV data in the buffer mem- 
ory 114 exceeds a predetermined reference level, the 
main controller 111 starts and activates the MPEG de- 
coder 115 and transfers the AV data from the buffer 
memory 11 4 to the MPEG decoder 115. The MPEG de- 
coder 115 expansively decodes the AV data into an orig- 
inal AV signal (a reproduced AV signal or a recovered 
AV signal). The MPEG decoder 115 outputs the repro- 
duced AV signal. 

[0038] The preliminary process may be followed by 
high-speed playback (skip playback). Each of the cell 
information pieces CM, CI2, CIn in the memory 116 
has entry point informatbn pieces EP1 , EP2. EPm 
which indk^te the positions of the heads (the I -picture 
data) of successive group-of-pictures or equally-spaced 
selected ones of group-of-pictures in the related cell, re- 
spectively. When the operation unit 112 is actuated by 
the user so that a skip-playback-starting command sig- 
nal Is outputted from the operation unit 112 to the main 
controller 111. high-speed playback (skip playback) is 
started as follows. The main controller 111 refers to the 
entry point information pieces EP1 , EP2, EPm in the 
memory 116 in response to the skip-playback-starting 
command signal. The main controller ill controls the 
disc drive 113 according to the entry point information 
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pieces EP1 . EP2» EPm to sequentially read out the 
l-picture data in successive group-of-pictures or equal- 
ly-spaced selected ones of group-of-pictures (AV data) 
on a periodic jump basis. In this way, the AV data Is sklp- 

5 read. The read-out l-picture data, that is, the portions of 
the AV data, are outputted from the disc drive 11 3 to the 
buffer memory 114. The main controller 111 controls the 
buffer memory 114 so that the l-picture data are stored 
into the buffer memory 114. The main controller 111 

10 monitors the amount of the l-picture data currently 
stored in the buffer memory 114. When the monitored 
amount of the l-picture data in the buffer memory 114 
exceeds a predetermined reference level, the main con- 
troller 111 starts and activates the MPEG decoder 115 

IS and transfers the l-picture data from the buffer memory 
114 to the MPEG decoder 115. The MPEG decoder 115 
expansively decodes the I -picture data into a high- 
speed-playback AV signal. The MPEG decoder 115 out- 
puts the high-speed-playback AV signal. 

20 [0039] In general, the encoding by the MPEG encoder 
101 is of such a type that the amount of encoding-re- 
sultant data for one frame Is variable. Therefore, the 
compression-resultant data outputted from the MPEG 
encoder 101 is variable in amount for one frame. The 

25 encoding by the MPEG encoder 101 includes quantiza- 
tion using a variable quantization scale. 
[0040] Fig. 5 shows an example of variations in the 
amount of the compression-resultant data outputted 
from the MPEG encoder 101 for one frame, and varia- 

30 tions in the quantization scale used in the MPEG encod- 
er 101 . As shown in Fig. 5, the generated-data amount 
is great for hard-moving scenes or changing scenes "1" 
and "2". On the other hand, the generated-data amount 
is small for slightly-moving scenes or substantially-still 

35 scenes "3" and "4". 

[0041] Fig. 6 shows the details of the MPEG encoder 
101. As shown in Fig. 6, the MPEG encoder 101 in- 
cludes a memory 101 A, a motion detector 101B, and a 
subtracter 101C to which input picture data are applied 

40 as current-frame picture data. The input picture data are 
stored into the memory 1 01 A before being fed therefrom 
to the motion detector 1 01 B as preceding-frame picture 
data. The motion detector 101 B divides each of the cur- 
rent frame and the preceding frame into blocks, and de- 

45 tects motion vectors through a block-by-block matching 
process. The motbn detector 1 01 B outputs a signal rep- 
resentative of the motion vectors to a motion compen- 
sator 101D. 

[0042] The motion compensator 101 D outputs mo- 
50 tion-compensated predated picture data to the subtract- 
er 101C. The subtracter 1 01 C calculates a difference or 
an error between the input picture data and the motkan- 
compensated predicted picture data, and generates dif- 
ference picture data or error picture data representing 
ss the calculated difference or error. The subtracter 101C 
outputs the difference picture data (the error picture da- 
ta) to a OCT device 101 E. 

[0043] The DCT device 1 01 E subjects the difference 
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picture data to discrete cosine transform (DCT) which is 
a kind of orthogonal transfomr^. The DCT device 101E 
generates DCT-resultant picture data representing DCT 
coefficients. The DCT device 101 E outputs the DCT-co- 
efficient data to a quantizer 101F. The device 101F 
quantizes the DCT-coefficient data in response to a var- 
iable quantization scale which is controlled depending 
on, for exannple, the amount of generated code data. 
The quantizer 101 F outputs the quantization-resultant 
picture data to a variable length encoder 101G and an 
inverse quantizer 1 01 H. 

[0044] The variable length encoder 101 G converts 
the quantization-resultant picture data into a sequence 
of corresponding words of a variable length code (VLC), 
for example, a Huffman code. The variable length en- 
coder 1 01 G outputs the sequence of VLC words to the 
formatter 1 05 (see Fig. 2) as the compression-resultant 
data, that is, the MPEG -encoding-resultant data. 
[0045] The inverse quantizer 1 01 H subjects the quan- 
tization-resultant picture data to inverse quantization, 
thereby retuming the quantization-resultant picture data 
to the DCT-coefficient data. The inverse quantizer 1 01 H 
outputs the DCT-coefficient data to an inverse DCT de- 
vice 101J. The inverse DCT device 101J subjects the 
DCT-coefficient data to inverse DCT, thereby retuming 
the DCT-coefficient data to the difference picture data 
(the error picture data). The inverse DCT device 101J 
outputs the difference picture data to an adder 101 K. 
The adder 101 K receives the motion-compensated pre- 
dicted picture data from the motion compensator 1 01 D. 
The adder 101K combines the difference picture data 
and the motion-compensated predicted picture data into 
data representing a reference picture for motion-com- 
pensated prediction. The adder 1 0IK stores the refer- 
ence picture data into a memory 101 L. The memory 
101 L feeds the reference picture data to the motion 
compensator 101D. The motion compensator 1 01 D im- 
plements motion compensation responsive to the refer- 
ence picture data and the motion vectors notified by the 
motion detector 101 B. The motion compensator 101D 
generates the motion-compensated predicted picture 
data in response to the reference picture data and the 
motion vectors. The motion compensator 1 01 D outputs 
the motion-compensated predicted picture data to the 
subtracter 101C and the adder 101K. 
[0046] During high-speed playback to search for a de- 
sired scene, the following problem tends to occur. As 
previously mentioned, during high-speed playback, the 
l-picture-representing segments of the AV data are se- 
quentially reproduced in response to the entry point in- 
formation pieces EP1, EP2, EPm. The frame-meas- 
ured intervals between the l-picture-representing seg- 
ments of the AV data are fixed independently of the de- 
gree of motran or change in pictures represented by the 
AV data. Therefore, during high-speed playback of a 
portion of the AV data which relates to a high degree of 
picture motion or change, successively reproduced I 
pictures greatly differ from each other in contents. The 



great differences between the successively reproduced 
I pictures are unsuitable to a search for a desired scene. 
On the other hand, during high-speed playback of a por- 
tion of the AV data which relates to a very low degree of 
5 picture motion or change, successively I reproduced 
pictures remain approximately constant in contents. 
Thus, it takes a long time to find a desired scene. 

First Embodiment 

10 

[0047] Fig. 7 shows an example of variations in the 
amount of generated data (compression-resultant data 
or MPEG-encoding-resultant data) for one group-of-pic- 
ture corresponding to 15 frames. During a time interval 
IS "A" having a 31 st frame to a 1 35th frame, the amount of 
generated data for one group-of -picture remains below 
an average level since the generated data represent 
slightly-moving pictures or substantially-still pictures. 
During a time inten^al "B" following the time interval "A" 
20 and having a 1 36th frame to a 21 0th frame, the amount 
of generated data for one group-of-picture remains 
above the average level since the generated data rep- 
resent hard-moving pictures or changing pictures. Dur- 
ing a time interval "C" following the time inten/al "B" and 
25 having a 211th frame to a 255th frame, the amount of 
generated data for one group-of-picture remains below 
the average level since the generated data represent 
slightly-moving pictures or substantially-still pictures. 
[0048] As shown in Fig. 7. each group-of-picture oc- 
30 cupies one or more blocks on a recording disc in accord- 
ance with the amount of data therein. Specifically, a 
group-of-picture having a small amount of data is as- 
signed to only one block on the recording disc. A group- 
of-picture having an intermediate amount of data is as- 
55 signed to two blocks on the recording disc. A group-of- 
picture having a great amount of data is assigned to 
three btocks on the recording disc. During the time in- 
tervals "A" and "C" for which the amount of generated 
data is small, most of group-of-pictures are of the one- 
40 block type. On the other hand, during the time inten^al 
"B" for which the amount of generated data is great, 
most of group-of-pictures are of the two-bkx;k type or 
the three-block type. 

[0049] As shown in Fig. 7, entry point information 
45 pieces generated in the prior-art recording apparatus of 
Fig. 2 indicate the positions of the heads of group-of- 
pfctures which are spaced at 15-frame inten^als. Since 
the amount of MPEG-encoding-resultant data varies 
from group-of-picture to group-of-picture, the inten/als 
50 between the positions indicated by the prior-art entry 
point information pieces are not fixed in terms of MPEG- 
encoding-resultant data amount (in terms of MPEG-en- 
coding-resultant bit stream). Great amounts of generat- 
ed data are assigned to hard-moving pictures and 
55 changing pictures while small amounts of generated da- 
ta are assigned to slightly -moving pictures and substan- 
tialty-still pictures. Thus, in terms of MPEG-encoding- 
resultant data amount, the positions indicated by the pri- 
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or-art entry point information pieces are coarsely distrib- 
uted in the time interval "B" which corresponds to hard- 
moving pictures and changing pictures. On the other 
hand, the positbns indicated by the prior-art entry point 
information pieces are densely distributed in the time in- 
tervals 'A* and 'C" which correspond to slightly-moving 
pictures and substantially-still pictures. 
[0050] As shown in Fig. 7. in a first embodiment of this 
invention, an entry point information piece is generated 
for every predetermined amount of compression-result- 
ant data (MPEG -encoding- resultant data). Entry point 
information pieces generated in the first embodiment of 
this invention indicate jump destination positions which 
do not have any immediate connection with time infor- 
mation concerning a before-encoding AV signal Thus, 
in the first embodiment of this invention, the intervals 
between the positions indicated by the entry point infor- 
mation pieces are fixed in terms of MPEG -encoding-re- 
sultant data amount (in terms of MPEG-encoding-result- 
ant bit stream). 

[0051] Fig. 8 shows variations in number of skipped 
frames for one jump during high-speed playback (skip 
playback) of the MPEG -encoding-resultant data in Fig. 
7 according to the first embodiment of this invention. As 
shown In Fig. 8, during the time intervals "A" and "G" 
corresponding to slightly-moving pictures and substan- 
tially-still pictures, the number of skipped frames for one 
jump remains great (above 30) since the slightly-moving 
pictures and the substantially-still pictures are assigned 
to small anrxjunts of MPEG-encoding-resultant data. 
Thus, it is possible to quickly find a desired scene. As 
shown in Fig. 8. during the time interval "B" correspond- 
ing to hard-moving pictures and changing pictures, the 
number of skipped frames for one jurnp remains small 
(below 20) since the hard-moving pictures and the 
changing pictures are assigned to great amounts of 
MPEG-encoding-resultant data. Thus, rt is easy to find 
a desired scene. 

[0052] Fig. 9 shows a recording apparatus according 
to the first embodiment of this invention. The recording 
apparatus of Fig. 9 includes a highly-efficient compres- 
sive encoder 1 receiving an input AV signal. The com- 
pressive encoder 1 is of a conventional type. For exam- 
ple, the compressive encoder 1 is an MPEG encoder. 
The compressive encoder 1 may differ from an MPEG 
encoder. The compressive encoder 1 compressively en- 
codes the input AV signal into compression-resultant 
data in the form of a bit stream. The compressive en- 
coder 1 outputs the compression-resultant data to a for- 
matter 5 and a counter 7. 

[0053] The encoding by the compressive encoder 1 
is periodic on a frame-by-frame basis. Each time the en- 
coding for one frame is completed, the compressive en- 
coder 1 outputs time information to an EP (entry point) 
information generator 4. The time information repre- 
sents time defined with respect to the input AV signal. 
[0054] The device 7 counts every bit in the compres- 
sion-resultant data. As will be made clear later, the coun- 



ter 7 is periodically reset. The counter 7 measures the 
amount (the number of bits) of the compression-result- 
ant data which occur after the counter 7 is reset. The 
counter 7 generates a signal representing the measured 
s amount of the compression -resultant data. The counter 

7 outputs the measured-data-amount signal to a com- 
parator 8. The comparator 8 receives a signal from a 
suitable device (not shown) which represents a prede- 
termined reference data amount or a predetermined set- 

10 ting data amount for EP generation. The setting data 
amount corresponds to, for example, three blocks (see 
Fig. 7) on a recording disc. The device 8 compares the 
measured-data-amount signal and the setting-data- 
amount signal with each other, generating a detection 
IS signal and a reset signal each time the measured data 
amount represented by the output signal from the coun- 
ter 7 reaches the setting data amount. The comparator 

8 periodically outputs the detection signal to the EP in- 
formation generator 4. The comparator 8 periodically 
outputs the reset signal to the counter 7. The counter 7 
is reset in response to every reset signal outputted from 
the comparator 8. The detection signal nnay be used as 
the reset signal. 

[0055] The EP information generator 4 produces EP 
data in response to the time Information outputted from 
the compressive encoder 1 and the detection signal out- 
putted from the comparator 8. The EP informatbn gen- 
erator 4 outputs the generated EP data to the formatter 
5. 

[0056] As previously mentroned, the formatter 5 re- 
ceives the compression -resultant data from the com- 
pressive encoder 1 . The formatter 5 processes and for- 
mats the compression-resultant data into AV data of a 
predetermined format in which the AV data are separat- 
ed into cells (celll, cell2, — , celln) each composed of 
group-of-ptctures GOP1 . GOP2. — , GOPn as shown in 
Fig. 1 . The formatter 5 outputs the AV data to a disc drive 
6. The disc drive 6 records the AV data on a recording 
disc *D" such as an optical disc, a DVD, a CD. a mag- 
neto-optical disc, or a magnetic disc. Specifically, the 
disc drive 6 adds an error correction code signal to the 
AV data, and subjects the error-correct ion -code added 
AV data to channel modulation for record on the disc 
"D". The disc drive 6 records the modulation-resultant 
signal on the disc "D*. 

[0057] As prevbusly mentbned, the formatter 5 re- 
ceives the EP data from the EP information generator 
4. The formatter 5 uses the EP data as index informatkMi 
pieces representing jump destination positions respec- 
tively and hence representing time positions in the AV 
data respectively. The index information pieces are en- 
try point information pieces representing positions 
spaced at intervals whrch are not fixed in temris of frames 
but are fixed in terms of compression-resultant data (en- 
coding-resultant data). The formatter 5 generates other 
information pieces. The formatter 5 outputs the index 
information pieces and the other information pieces to 
the disc drive 6. The Index information pieces and the 
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other information pieces are various informatton pieces 
tor playback control. After the recording of the AV data 
has been completed, the disc drive 6 records the index 
information pieces and the other information pieces on 
the recording disc "D". Specifically, the disc drive 6 adds 
an error correction code signal to the index information 
pieces and the other information pieces, and subjects 
the error-correction-code added information pieces to 
channel modulation for record on the disc "D". The disc 
drive 6 records the modulation-resultant signal on the 
disc "D". 

[0058] Fig. 10 shows a disc player according to the 
first embodiment of this invention. The disc player of Fig. 
10 includes a main controller 11. an operation unit 12, 
a disc drive 13. a buffer memory 14, an expansive de- 
coder 15. and a memory 16. The main controller 11 in- 
cludes a microcomputer or a CPU which operates in ac- 
cordance with a control program stored in an internal 
ROM. The control program is designed to enable the 
main controller 11 to implement processes mentioned 
later. The disc drive 13 is of a conventional type. The 
expansive decoder 15 is of a conventional type. An ex- 
ample of the expansive decoder 1 5 is an MPEG decod- 
er. The expansive decoder 1 5 may differ from an MPEG 
encoder. The operation unit 1 2 can be actuated by a us- 
er. The operation unit 1 2 outputs various command sig- 
nals to the main controller 11 in accordance with user's 
requirements. The disc drive 1 3 is controlled by the main 
controller 11 . accessing a recording disc "D" and repro- 
ducing a signal therefrom. The disc drive 1 3 outputs the 
reproduced signal to the buffer memory 14 and the 
memory 16. The main controller 11 controls the memory 
16 so that various information pieces in the reproduced 
signal will be written into the memory 16. The main con- 
troller 11 responds to the various information pieces in 
the memory 1 6. The main controller 1 1 controls the buff- 
er memory 14 so that AV data in the reproduced signal 
will be written into the buffer memory 14. The buffer 
memory 1 4 outputs the AV data to the expansive decod- 
er 15. The expansive decoder 15 is controlled by the 
main controller 11. expansively decoding the AV data 
into an original AV signal referred to as a reproduced AV 
signal or a recovered AV signal. The expansive decoder 
15 outputs the reproduced AV signal. 
[0059] The disc player in Fig. 10 operates as follows. 
During a preliminary process preceding normal-speed 
continuous playback, the main controller 11 controls the 
disc drive 1 3 to read out various information pieces for 
playback control from a specified place in the recording 
disc 'D". The read-out various information pieces are 
outputted from the disc drive 1 3 to the memory 1 6. The 
main controller 11 controls the memory 16 so that the 
various information pieces are stored into the memory 
16. The various infonmation pieces in the memory 16 
contain an information piece AVFI for expanding the 
whole AV data. The main controller 11 reads out the in- 
formation piece AVFI from the memory 16. and sets the 
infomiation piece AVFI in the expansive decoder 15. 



[0060] The various information pieces in the memory 
16 contain a main program chain information piece PG- 
Cl representing a program playback order. Also, the var- 
ious information pieces in the memory 16 contain cell 
5 information pieces C1 1 , CI2, Cln. When the operation 
unit 1 2 is actuated by the user so that a normal-play- 
back-starting command signal is outputted from the op- 
eration unit 12 to the main controller 11. normal-speed 
continuous playback is started as follows. The main con- 
to troller 11 refers to the main program chain information 
piece PGCl and the cell information pieces CI1 , C12, 
Cln in the memory 16 in response to the normal-play- 
back-starting command signal. The main controller 11 
controls the disc drive 1 3 according to the main program 
IS chain information piece PGCl and group -of-pictu re or- 
der numbers represented by the cell information pieces 
CM, CI2, Cln to sequentially read out groupof-pic- 
tures (AV data) on a cell-by-cell basis. The read-out 
group-of-pictures. that is, the AV data, are outputted 
20 from the disc drive 1 3 to the buffer memory 1 4. The main 
controller 1 1 controls the buffer memory 14 so that the 
AV data are stored into the buffer memory 1 4. The main 
controller 11 monitors the amount of the AV data cur- 
rently stored in the buffer memory 14. When the moni- 
es tored amount of the AV data in the buffer memory 14 
exceeds a predetermined reference level, the main con- 
troller 11 starts and activates the expansive decoder 15 
and transfers the AV data from the buffer memory 1 4 to 
the expansive decoder 15. The expansive decoder 15 
30 expansively decodes the AV data into an original AV sig- 
nal (a reproduced AV signal or a recovered AV signal). 
The MPEG decoder 15 outputs the reproduced AV sig- 
nal. 

[0061] The preliminary process may be followed by 
35 high-speed playback (skip playback). Each of the cell 
information pieces CI1. CI2. Cln in the memory 16 
has entry point information pieces which indfcate the 
jump destination positions in the related cell, respective- 
ly. When the operation unit 12 is actuated by the user 
40 so that a skip-playback-starting command signal is out- 
putted from the operation unit 1 2 to the nr^ain controller 
11, high-speed playback (skip playback) is started as 
follows. The main controller 11 refers to the entry point 
information pieces in the memory 16 in response to the 
45 skip-playback-starting command signal. The main con- 
troller 11 controls the disc drive 1 3 according to the entry 
point information pieces to sequentially read out. on a 
periodic jump basis, l-picture data among the AV data 
which are designated by the entry point information 
so pieces. Specifically, when the position indicated by an 
entry point information piece is equal to an l-picture data 
position, the present l-picture data are read out. On the 
other hand, when the position indicated by an entry point 
information piece differs from any l-picture data posi- 
55 tions. l-picture data in a position immediately following 
the position represented by the entry point Information 
piece are read out. In this way. the AV data is skip-read. 
The read-out l-picture data, that is. the portions of the 
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AV data, are outputted from the drsc drive 1 3 to the buff- 
er memory 14. The main controller 11 controls the buffer 
memory 14 so that the l-picture data are stored into the 
buffer memory 14. The main controller 11 monitors the 
amount of the l-picture data currently stored in the buffer 5 
memory 14. When the monitored amount of the l-picture 
data in the buffer memory 14 exceeds a predetermined 
reference level, the main controller 11 starts and acti- 
vates the expansive decoder 1 5 and transfers the l-pic- 
ture data from the buffer memory 14 to the expansive 
decoder 1 5. The expansive decoder 1 5 expansively de- 
codes the l-picture data into a high-speed-playback AV 
signal. The expansive decoder 15 outputs the high- 
speed-playback AV signal. 

Second Embodiment 

[0062] A second embodiment of this inventk>n is sim- 
ilar to the first embodiment thereof except for design 
changes mentioned hereinafter 
[0063] Fig. 1 1 shows a recording apparatus according 
to the second embodiment of this invention. The record- 
ing apparatus of Fig. 11 includes a highly-efficient com- 
pressive encoder 1 A instead of the highly-efficient com- 
pressive encoder 1 (see Fig. 9). The recording appara- 
tus of Fig. 11 also includes a counter 2, a comparator 3, 
and an OR circuit 9. 

[0064] The compressive encoder 1 A is of a conven- 
tional type. For example, the compressive encoder 1 A 
is an MPEG encoder The compressive encoder 1 A may 
differ from an MPEG encoder The encoding by the com- 
pressive encoder 1 A is periodic on a frame-by-frame ba- 
sis. Each time the encoding for one frame is completed, 
the compressive encoder 1 A outputs a 1 -frame-corre- 
sponding signal to the counter 2. 
[0065] The counter 2 responds to the 1 -frame-corre- 
sponding signal, and thereby counts frames related to 
compression- resultant data outputted from the com- 
pressive encoder 1 A. The counter 2 generates a signal 
representing the count result, that is. the number of 
counted frames. The counter 2 outputs the count-result 
signal to the comparator 3. The comparator 3 receives 
a signal from a suitable device (not shown) which rep- 
resents a predetermined setting frame number for EP 
generation. The setting frame number is equal to, for 
example, 30 (30 frames) corresponding to a time of 1 
second. The device 3 compares the count-result signal 
and the setting-frame-number signal with each other, 
generating a detection signal each time the count frame 
number represented by the output signal from the coun- 
ter 2 reaches the setting frame number. The comparator 
3 periodically outputs the detection signal to the OR cir- 
cuit 9. The detection signal passes through the OR cir- 
cuit 9 before reaching an EP information generator 4. 
[0066] A comparator 8 periodically outputs a detec- 
tion signal to the OR circuit 9. The detection signal pass- 
es through the OR circuit 9 before reaching the EP in- 
formation generator 4. 



[0067] Every detectbn signal outputted from the OR 
circuit 9 is fed to the counters 2 and 7 as a reset signal. 
The counters 2 and 7 are reset in response to every re- 
set signal fed from the OR circuit 9. 
[0068] The detection signals outputted from the coun- 
ter 3 provide an upper limit of the frame-measured in- 
tervals between positions represented by entry point in- 
formation pieces. Specifically, the upper limit of the 
frame-measured intervals corresponds to, for example. 
30 frames. 

Third Embodiment 

[0069] A third embodiment of this invention is similar 
to the first embodiment thereof except for design chang- 
es mentioned hereinafter 

[0070] Fig. 1 2 shows a recording apparatus according 
to the third embodiment of this invention. The recording 
apparatus of Fig. 11 includes a highly -efficient compres- 
sive encoder 1 B instead of the highly-efficient compres- 
sive encoder 1 (see Fig. 9). The recording apparatus of 
Fig. 11 also includes a counter 31 and a comparator 32 
instead of the counter 7 and the comparator 8 (see Fig. 
9). 

[0071] The compressive encoder 1 B is of a conven- 
tional type. For example, the compressive encoder 1 B 
is an MPEG encoder The compressive encoder 1 B may 
differfrom an MPEG encoder The encoding by the com- 
pressive encoder 1 B is periodic on a frame-by-frame ba- 
sis. During the encoding for every frame, the compres- 
sive encoder 1 B outputs a signal of the quantities or 
magnitudes of motion vectors to the counter 31 . 
[0072] The device 31 counts bits of the output signal 
from the compressive encoder 1 B to detect the accumu- 
lative quantity or magnitude of the motion vectors. The 
counter 31 generates a signal representing the count 
result, that is, the count number The counter 31 outputs 
the count-result signal to the comparator 32. The com- 
parator 32 receives a signal from a suitable device (not 
shown) which represents a predetermined setting count 
number for EP generation. The device 32 compares the 
count-result signal and the setting-count-number signal 
with each other, generating a detection signal and a re- 
set signal each time the count number represented by 
the output signal from the counter 31 reaches the setting 
count number The comparator 32 periodically outputs 
the detection signal to an EP information generator 4. 
The comparator 32 periodk:ally outputs the reset signal 
to the counter 31. The counter 31 is reset in response 
to every reset signal outputted from the comparator 31 . 
The detection signal may be used as the reset signal. 
[0073] As understood from the previous explanation, 
in the third embodiment of this invention, the intervals 
between the positions indicated by entry point informa- 
tion pieces are fixed in terms of motion-vector quantity. 
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Fourth Embodiment 

[0074] A fourth embodiment of this invention Is similar 
to the third embodiment thereof except for design 
changes mentioned hereinafter. 
[0075] Fig. 1 3 shows a recording apparatus according 
to the fourth embodiment of this invention. The record- 
ing apparatus of Fig. 1 3 Includes a highly-efficient com- 
pressive encoder 1 C instead of the highly-efficient com- 
pressive encoder IB (see Fig. 12). The recording appa- 
ratus of Fig. 1 3 also includes a counter 2. a comparator 
3, and an OR circuit 9. 

[0076] The compressive encoder 1C is of a conven- 
tional type. For example, the compressive encoder 1C 
is an MPEG encoder. The compressive encoder 1 C may 
differ from an MPEG encoder. The encoding by the com- 
pressive encoder 1 B is periodic on a frame-by-frame ba- 
sis. Each time the encoding for one frame is completed, 
the compressive encoder 1C outputs a 1 -frame-corre- 
sponding signal to the counter 2. 
[0077] The counter 2 responds to the 1 -frame-corre- 
sponding signal, and thereby counts frames related to 
compression-resultant data outputted from the com- 
pressive encoder 1C. The counter 2 generates a signal 
representing the count result, that is, the number of 
counted frames. The counter 2 outputs the count-result 
signal to the comparator 3. The comparator 3 receives 
a signal from a suitable device (not shown) which rep- 
resents a predetermined setting frame number for EP 
generation. The setting frame number is equal to, for 
example, 30 (30 frames) corresponding to a time of 1 
second. The device 3 compares the count-result signal 
and the setting-frame-number signal with each other, 
generating a detection signal each time the count frame 
number represented by the output signal from the coun- 
ter 2 reaches the setting frame number. The comparator 
3 periodically outputs the detection signal to the OR cir- 
cuit 9. The detection signal passes through the OR cir- 
cuit 9 before reaching an EP information generator 4. 
[007S] A comparator 32 periodically outputs a detec- 
tion signal to the OR circuit 9. The detection signal pass- 
es through the OR circuit 9 before reaching the EP in- 
formation generator 4, 

[0079] Every detection signal outputted from the OR 
circuit 9 is fed to the counters 2 and 31 as a reset signal. 
The counters 2 and 31 are reset in response to every 
reset signal fed from the OR circuit 9. 
[0080] The detection signals outputted from the com- 
parator 3 provide an upper limit of the frame-measured 
intervals between positions represented by entry point 
information pieces. Specifically, the upper limit of the 
frame-measured inten^als corresponds to, for example, 
30 frames. 

Fifth Embodiment 

[0081] A fifth embodiment of this invention is similar 
to the third or fourth embodiment thereof except that the 



counter 31 responds to data representing the difference 
between frames. 

Sixth Embodiment 

5 

[0082] A sixth embodiment of this invention is similar 
to the third or fourth embodiment thereof except that one 
of a compressive VBR (variable bit rate) encoder and a 
compressive CBR (constant bit rate) encoder replaces 
10 the compressive encoder 1 B or 1 G. 

Seventh Embodiment 

[0083] A seventh embodiment of this invention is sim- 
is iiar to one of the first to fourth embodiments thereof ex- 
cept that prior-art EP information is recorded on a re- 
cording disc in addition to the EP information generated 
by the EP infomnation generator 4. In this case, a disc 
player uses one of the prior-art EP information and the 
20 EP information generated by the EP information gener- 
ator 4 in accordance with use's requirement. Alterna- 
tively, the disc player may use both the prior-art EP in- 
formation and the EP infomnation generated by the EP 
information generator 4. 
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1 . A recording apparatus comprising: 

a compressive encoder for compressively en- 
coding an input video signal into compression- 
resultant data whose amount is variable from 
frame to frame; 

first means for measuring an accumulative 
amount of the compression-resultant data gen- 
erated by the compressive encoder; 
second means for generating information of a 
jump destination position when the accumula- 
tive amount measu red by the first means reach- 
es a predetermined amount; and 
third means for recording the compression-re- 
sultant data generated by the compressive en- 
coder and the jump-destination-position infor- 
mation generated by the second means on a 
recording medium. 

2. A recording apparatus as recited in claim 1 , further 
comprising: 

fourth means for counting frames represented 
by the compression-resultant data; 
fifth means for generating information of a jump 
destination position when a number of frames 
counted by the fourth means reaches a prede- 
termined number; and 

sixth means for recording the jump-destination- 
positton information generated by the fifth 
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means on the recording medium. 

3. A recording apparatus as recited in claim 1 . further 
comprising fourth means for resetting the accumu- 
lative amount measured by the first means when 5 
the second means generates the jump-destination- 
position information. 

4. A recording apparatus comprising: 

10 

a compressive encoder for compressively en- 
coding an input video signal into compression- 
resultant data, and generating a signal repre- 
senting a motion in pictures represented by the 
compression -resultant data; is 
first means for measuring an accumulative 
amount of the motion represented by the signal 
generated by the compressive encoder; 
second means for generating information of a 
Jump destination position when the accumula- 20 
tive amount measured by the first means reach- 
.es a predetermined amount; and 
third means for recording the compression-re- 
sultant data generated by the compressive en- 
coder and the jump-destination -position infor- 2S 
mation generated by the second means on a 
recording medium. 

5. A recording apparatus as recited in ciaim 4. further 
comprising: 30 

fourth means for counting frames represented 
by the compression-resultant data; 
fifth means for generating infornrtation of a jump 
destination position when a number of frames 3S 
counted by the fourth means reaches a prede- 
termined number; and 

sixth means for recording the jump-destination- 
position information generated by the fifth 
means on the recording medium. 40 

6. A recording apparatus as recited in claim 4, further 
comprising fourth means for resetting the accumu- 
lative amount measured by the first means when 
the second means generates the jump-destination- 
position information. 
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